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ABSTRACT: The most cutting-edge field of the twenty-first century is nanotechnology. In comparison 
to their bulk counterparts, nanoparticles have grown significantly in importance due to their special 
features. Zinc oxide nanoparticles are among the most significant metal nanoparticles because they are 
used in optical, physical, and antibacterial characteristics, gas sensors, biosensors, cosmetics, 
medication delivery systems, and other products. ZnO NPs can be created via a variety of chemical 
processes, including the hydrothermal process, vapor transfer method, and precipitation method. Due 
to its great biocompatibility, affordability, and low toxicity, ZnO NPs have grown to become one of the 
most widely used metal oxide nanoparticles in biological applications over the past 20 years. By 
adjusting the growth temperature and precursor concentration, the hydrothermal technique was used 
to create stable, OH free zinc oxide (ZnO) nanoparticles. Fourier Transform Infrared Spectroscopy (FT- 
IR) and X-ray diffraction (XRD) results supported the formation of ZnO nanoparticles. It has been 
determined that the typical particle size is between 60 and 80 nm by particle size measurement using 
zeta sizer. By creating an agar-agar culture plate, ZnO nanoparticles as adsorbent materials were 
evaluated for the antimicrobial test by taking different microbial species. The zone of inhibition study 
was proved that ZnO nanoparticles were successful in limiting the bacterial growth in the petriplate 
culture media. According to experimental findings, among the chosen materials, ZnO NPs have 
demonstrated the best antifungal activity. 
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1. INTRODUCTION 


Nanotechnology is concerned with creating 
and using materials that are up to 100 nm in 
size. They are extensively employed in a wide 
range of operations, including those in the fields 
of material science, agriculture, the food 
industry, cosmetics, medicine, and diagnostics 
[1-10]. Due to their large surface area to 
volume ratio and distinctive chemical and 
physical characteristics, nanoscale inorganic 
compounds have demonstrated extraordinary 
antibacterial activity at very low concentrations 
[11]. Additionally, these particles are more 
stable at high pressure and temperature [12]. 
Some of them are known to be harmless and 
even have minerals that are essential to human 
health [13]. According to reports, metallic 
nanoparticles and metal oxide nanoparticles 
including those made of silver, gold, copper, 
titanium oxide, and zinc have the strongest 
antibacterial properties among _ inorganic 
materials. 


Without zinc, several enzymes, including 
carbonic anhydrase, carboxypeptidase, and 
alcohol dehydrogenase, lose their ability to 
function, but cadmium and mercury, two other 
members of the same group of elements with 


the same electrical configuration, are 
hazardous. Because it controls numerous 
physiological processes, it is crucial for 


eukaryotes [16,17]. Zinc-containing bamboo 
salt is used as a natural remedy to alleviate 
inflammation by controlling caspase-1 activity. 
It has been demonstrated that zinc oxide 
nanoparticles suppress the activation of NF-kB 
(nuclear factor kappa B cells), hence reducing 
the mRNA expression of inflammatory 
cytokines [18]. By EU hazard classification, zinc 
oxide is categorized as N; R50-53 (ecotoxic). In 
trace amounts, zinc compounds are ecotoxic to 
plants and mammals [29, 30]. The daily 
requirement for zinc is 10-15 mg, while the 
average human body contains roughly 2-3 g 
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[29,30]. No study has established genotoxicity, 
reproduction toxicity, or carcinogenicity in 
people [30]. However, zinc fever, which is 
accompanied by chills, fever, cough, etc., can be 
brought on by inhaling or ingesting zinc 
powder. It is well known that zinc oxide 
nanoparticles have antibacterial properties and 
can enter cells to prevent the growth of germs. 


2. EXPERIMENTAL 
2.1 Chemicals 


We bought NH,0H, acetic acid and nitric acid 
from the Indian company s.d. Fine Chemicals 
Limited. zinc acetate was purchased from 
Merck, India. The experiment used only distilled 
water. Every reagent was used exactly as 
intended. 


2.2 ZnO Nanoparticle synthesis 


In order to create ZnO nanoparticles using the 
controlled precipitation approach, zinc acetate 
were dissolved in a variety of solvents, 
including 200 mL of water, ethylene glycol that 
had been acidified with nitric acid and acetic 
acid at a concentration of 0.3M, and 200 mL of 
acetic acid. Twenty minutes were spent stirring 
the mixture before it became a_ totally 
transparent solution. The NH4OH solution was 
then added at a rate of 1 ml/min while stirring 
continuously, until the pH value with the 
titration curve was reached. This value was pH 
8.8 for the sample made with water, pH 9.0 for 
the sample made with ethylene glycol acidified 
with nitric acid, and pH 7.0 for the sample made 
with acetic acid. 


The resulting wet solid was washed (or 
chemically attacked). In this procedure, 100 mL 
of water was re-dispersed for 10 minutes at 
10,000 rpm using high shear equipment 
(Ultraturrax-T50). The system was then left to 
stand for 24 hours before the liquid phase was 
removed by decanting. There were four 
iterations of this method. The liquid phase was 
eliminated after the fourth wash, and the solid 
was then dried at 100 °C. The finished product 
was ground into a fine powder using an agate 
mortar and pestle before being heated in an 
oven for two hours at a temperature of 300 °C. 
(Termolyne). 


2.3 CHARACTERIZATION METHODS 
2.3.1 Fourier Transform infrared 
spectroscopy (FTIR) 
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Using Schemadzu (Model: IR Affinity-1, Japan) 
FTIR spectrometers, Fourier transform infrared 
spectroscopy (FTIR) spectra of the plain PVA 
and PVA-g-AAm membranes were collected in 
the range between 4000 and 400 cm to 
demonstrate the development of grafting 
reaction of PVA with acrylamide. Membrane 
samples were thoroughly crushed with KBr, and 
pellets were created by pressing them under 
400-450 kg/cm? of hydraulic pressure. Figure 1 
presents FTIR spectral curves. 


2.3.2 X-ray diffraction studies 


The solid-state morphology of ZnO 
nanoparticles was investigated using a Siemens 
D 5000 powder X-ray diffractometer. Figure 2 
showed the ZnO nanoparticles' XRD pattern. 


2.3 Preparation of culture media 


Culture is the process of an organism growing 
on a medium. The term "culture medium" refers 
to the nutritional foundation that sustains an 
organism's growth. The culture medium is set 
up such that the organism will receive all of its 
nutritional needs. The culture media, however, 
are created in a lab by weighing and distributing 
the constituent components or by purchasing 
ready-made media from the market. Common 
media typically contain both organic and 
inorganic nutrients; however specialized media 
are developed for the development of numerous 
microorganisms. If media need to be solidified, 
agar-agar is combined with the agar 
components. 


Preparation of PDA medium and PDA 
plates: 


Table 1: PDA media preparation ingredients 


Substance Quantity 


Potato tubers | 200¢ 
Dextrose 20g 
Agar 15¢g 
Distilled 1 liter 
water 

HCL 1N 
NaOH 1N 


Sumanth B Hosagowdar et al, 


International Journal of Advanced Science and En: 


ineering 


www.mahendrapublications.com 


Int. J. Adv. Sci. Eng. Vol.9 No.2 2745-2750 (2022) 2747 


4, Adopted Procedures 


> Weigh 200g after peeling off a potato 
tuber. 

> Use a knife to cut the tubers into little 
pieces. 

> Place the diced potatoes in a beaker 
with approximately 100 ml of distilled 
water. 

> Heat the contents and boil them for 
around 20 minutes. 

> Decant the supernatant, filter it through 
muslin that has been folded four times, 
and collect the filtrate in a beaker. 
Potato extract is the name of this 
filtrate. 

> Add dextrose (20g) and agar (15g) to 
the extract; slowly boil the mixture 
while shaking to completely dissolve 
the components. 

> Finally, pour this medium into a 
measuring cylinder with a capacity of 1 
liter, and then add extra distilled water 
to bring the content to 1 liter. 

> Check the pH of the medium and adjust 
it to 5.6 by adding drops of 1N HCL or 
NaOH. 

> Place cotton plugs in two or more flasks, 
cover the plugs with aluminum foil, and 
pour the medium into the flasks. 
Autoclave the flasks at 121 degrees 
Celsius for 20 minutes. 

> Remove the flask and use it as needed 
or keep it at room temperature until the 
temperature has cooled. 


2.5 Ethanolic Extract Preparation 


Ethanol is a simple grain alcohol that is 
known for its volatile and flammable properties. 
This compound can be found in alcoholic 
beverages such as beer and wine, as well as a 
variety of everyday and commercial products. 
The agar well diffusion technique is used to 
perform an antimicrobial sensitivity test. After 
24-hour incubation, 200 | of the extracts (20 g/I 
concentration) were poured into the punched 
MH agar wells, in the results and discussion part 
shown the inhibitory zone diameters (in cm). 


3. RESULTS AND DISCUSSION 
3.1 FT-IR Analysis 


According to Figure 1 the FT-IR spectrum of 
the synthesized ZnO nanoparticles shows the 
fundamental mode of vibration at 3457.5.3, 
which may be caused by O-H stretching and 
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deformation and is associated with water 
adsorption on the metal surface, as well as the 
fundamental mode of vibration at 2923.4 and 
2853.4, which is associated with C-H stretching 
vibration. The 1383.9 and 1322.1 numbers are 
associated with the asymmetric stretching 
vibration of C=O. A stretching vibration with the 
C=O symmetry is represented by 1634.6. The 
creation of Zn tetrahedral coordination is what 
causes the absorption at 875 cm. The C-O 
stretching vibration is responsible for the 
binding at 1075 cm-1. The stretching vibrations 
of ZnO nanoparticles are indicated by the 
measured peaks in the range of 731.9 to 608.6 
cml, 


Tranemittance (%) 


3500 3000 2500 2000 1500 1000 


Wavenumber (cm!) 


Figure 1. FT-IR tracing of ZnO nanoparticles 
3.2 X-ray diffraction (XRD) Analysis 


The XRD patterns of ZnO nanoparticles are 
shown in Figure 2. The strong, powerful peaks of 
ZnO, which began at 31.7° (100), 34.5° (002), 
36.2° (101), 47.7° (102), 56.6° (110), 62.2° (103), 
and 68.4°, show the good crystalline character of 
ZnO. (112). According to Scherrer's equation, the 
average crystallite size of ZnO was 14.6 nm, as 
shown in the equation. K stands for the Bragg 
diffraction angle, X-ray wavelength, peak width 
of half maximum, and Scherer constant. 


Figure 2: XRD tracing of ZnO nanoparticles. 
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Particle size Analysis 


Figure 3shows the particle size of the ZIF-8, 
analyzed by particle size analyzer. The ZnO 
particles were of in the size in between 60 and 
80 nm. The average particle size was found to 
be 80 nm. 


ZnO Particle size 


40 
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0 50 100 150 


Particle size (nm) 


Figure 3: Particle size of ZnO nanoparticles 


3.3 Antifungal Activity 


This study was carried out to better 
understand the ability of the developed 
nanocomposite membranes to _ perform 
antimicrobial activity. ZnO NP’s were tested for 
antimicrobial activity three times [31-32]. A 
fruits like orange and black grapes were used as 
used as the control, and an inhibited zone was 
discovered against E. Coli and S. aureus, and the 
fruit part was severely affected by these 
microorganisms, as shown in figure 4.0ne can 
clearly infer from the above figure that ZnO 
nanoparticles distributed in the prepared PDA 
media was least affected. The rest of the area 
was infected with the fungus, but the ZnO 
spread remained unaffected. By doing so, the 
produced ZnO _ nanoparticles’ beneficial 
antifungal properties came to light. This will 
confirm that the synthesized ZnO nanoparticles 
were antifungal and anti-microorganism in 
nature. 


3.4 Zone of Inhibition 


Figure 5 shows that the agar diffusion method 
in sets of five dilutions i.e., at 5, 25, 50, 100, and 
250 g/ml for ZnO samples which were tested 
for the different bacterial species. Which are 
tabulated in the Table 2. 


From the Figure 6 it is concluded that the 
highest inhibition activity was observed by the 
ethanolic extract for ZnO is bacillus spp and 
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decreased by the order of P. aeruginosa, S. 
aureus and E. coli respectively. This can be 
clearly observed in the figure 6. 


Figure 4: Antifungal activity of the ZnO NP’s 


Figure 5: Agar diffusion methods in 5 sets 
for ZnO NP’s. 


Inhibition zone 


Zone of Inhibition (cm) 
i” 


Microorganisms 


Figure 6 Inhibition zone (cm) of ethanolic 
extract of ZnO nanoparticles 


Note: the values are represented as Mean + 
Standard Deviation 
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4.CONCLUSION 


Due to their enhanced specific surface area 
and improved surface reactivity brought on by 
their smaller particle size, ZnO nanoparticles 
show appealing antifungal characteristics. ZnO 
nanoparticles are regarded as biosafe materials 
as a result. If ZnO-nanoparticles are properly 
included into packaging materials, they may 
interact with food borne pathogens. As a result, 
nanoparticles released onto food surfaces may 
kill or suppress harmful germs. 


Table 2: Various bacterial species tested for 
antimicrobial activity with ZnO with zone of 
inhibition 


1 Control - 

2 E. coli 0.22+0.3828 

3 S.aureus 0.85+0.2122 

4 | P.aeruginosa 0.675 + 0.23 

5 Bacillus spp. 2.675 + 0.23 
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